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Abstract. Jet cross sections have been measured for the first time in proton-proton collisions at a centre- 
of-mass energy of 7 TeV using the ATLAS detector. The measurement uses an integrated luminosity of 
17 nb~^ recorded at the Large Hadron Collider. The anti-fct algorithm is used to identify jets, with two 
jet resolution parameters, R = 0.4 and 0.6. The dominant uncertainty comes from the jet energy scale, 
which is determined to within 7% for central jets above 60 GeV transverse momentum. Inclusive single-jet 
differential cross sections are presented as functions of jet transverse momentum and rapidity. Dijet cross 
sections are presented as functions of dijet mass and the angular variable x- The results are compared to 
expectations based on next-to-leading-order QCD, which agree with the data, providing a validation of the 
theory in a new kinematic regime. 



1 Introduction 

At the Large Hadron Collider (LHC), jet production is the 
dominant high transverse-momentum {pt) process and as 
such gives the first glimpse of physics at the TeV scale. 

Jet cross sections and properties are key observables 
in high-energy particle physics. They have been measured 
at e'*'e~, ep, pp, and pp colliders, as well as in jp and 
77 collisions. They have provided precise measurements 
of the strong coupling constant, have been used to obtain 
information about the structure of the proton and photon, 
and have become important tools for understanding the 
strong interaction and searching for physics beyond the 
Standard Model (see, for example, |lj). Searches for new 
physics using jets in 7 TeV collisions were recently pub- 
lished [2]. In this paper, we present the first measurements 
of inclusive single-jet and dijet cross sections using the AT- 
LAS detector. The measurements are performed using a 
data set taken early in LHC running, from 30 March to 5 
June 2010, corresponding to an integrated luminosity of 
17 nb"""^. The measurement involves a determination of the 
trigger and reconstruction efficiencies of ATLAS for jets, 
as well as a first determination of the calorimeter response 
to jet energy. 

The paper is organised as follows. The detector is de- 
scribed in the next section, followed by the definition of 
the cross sections to be measured (Section |3| , a discus- 
sion of the simulations used in the measurement (Sec- 
tion |4]) and the theoretical predictions to which the data 
are compared (Section [s]) . The evaluation of the trigger 
efficiency is given in Section |6] The following two sections 
(Sections [7] and [s]) describe the evaluation of the main un- 
certainty in the measurement, coming from the jet energy 



scale. The event selection and data correction are then 
described (Sections [o] and 10), followed by the results and 



conclusions. 



2 The ATLAS Detector 

The ATLAS detector covers almost the entire solid angle 
around the collision point with layers of tracking detectors, 
calorimeters, and muon chambers. For the measurements 
presented in this paper, the inner detector, the calorime- 
ters, and the trigger are of particular importance. These 
components, and the rest of the detector, are described in 
detail elsewhere 

The inner detector has full coverage in (f) and covers 
the pseudorapiditjj^ range |ry| < 2.5. It consists of a sil- 
icon pixel detector, a silicon microstrip detector, and a 
transition radiation tracker, all immersed in a 2 T mag- 
netic field. These tracking detectors are used to recon- 
struct tracks and vertices, including the primary vertex. 

High granularity liquid-argon (LAr) electromagnetic 
sampling calorimeters, with excellent energy and position 
resolution, cover the pseudorapidity range < 3.2 (the 
barrel covers \r]\ < 1.475 and the two end-caps cover 



^ Pseudorapidity is defined as r; = — ln(tan(6/2)). The AT- 
LAS reference system is a Cartesian right-handed coordinate 
system, with the nominal collision point at the origin. The anti- 
clockwise beam direction defines the positive z-axis, while the 
positive a:-axis is defined as pointing from the collision point 
to the centre of the LHC ring and the positive j/-axis points 
upwards. The azimuthal angle (f) is measured around the beam 
axis, and the polar angle 9 is measured with respect to the 
z-axis. 
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1.375 < \ri\ < 3.2). The hadronic calorimetry in the range 
\r]\ < 1.7 is provided by a scintillating-tile calorimeter, 
which is separated into a large barrel (|?7| < 1.0) and 
two smaller extended barrel cylinders, one on either side 
of the central barrel (0.8 < \r]\ < 1.7). In the end-caps 
{\ri\ > 1.5), LAr hadronic calorimeters match the outer \r]\ 
limits of the end-cap electromagnetic calorimeters. The 
LAr forward calorimeters provide both electromagnetic 
and hadronic energy measurements, and extend the cov- 
erage to I77I < 4.9. 

The trigger system uses three consecutive trigger levels 
to select signal and reject background events. The Level-1 
(LI) trigger is based on custom-built hardware to process 
the incoming data with a fixed latency of 2.5 ^s. This 
is the only trigger level used in this analysis. In order to 
commission the trigger software, the higher level triggers 
also recorded decisions on events, but these decisions were 
not applied to reject any data. The events in this analy- 
sis were accepted either by the system of minimum-bias 
trigger scintillators (MBTS) or by the calorimeter trigger. 

The MBTS detector |4] consists of 32 scintillator coun- 
ters that are each 2 cm thick, which are organised into two 
disks with one on each side of the ATLAS detector. The 
scintillators are installed on the inner face of the end-cap 
calorimeter cryostats aX z — ±356 cm such that the disk 
surface is perpendicular to the beam direction. This leads 
to a coverage of 2.09 < I77I < 3.84. The MBTS multiphc- 
ity is calculated for each side independently, and allows 
events containing jets to be triggered with high efficiency 
and negligible bias. 

The LI calorimeter trigger uses coarse detector in- 
formation to identify the position of interesting physics 
objects above a given energy threshold. The ATLAS jet 
trigger is based on the selection of jets according to their 
transverse energy, E^. The LI jet reconstruction uses so- 
called jet elements, which are formed from the electro- 
magnetic and hadronic calorimeters with a granularity of 
Z\0 X zi?7 = 0.2 X 0.2 for \-q\ < 3.2. The jet finding is 
based on a sliding window algorithm with steps of one 
jet element, and the jet is computed in a window of 
configurable size around the jet. 

Recorded events are fully reconstructed offline, using 
object-oriented analysis software running on a distributed 
computing grid. 



3 Cross Section Definition 

Jets are identified using the anti-fcj jet algorithm [5j im- 
plemented in the FastJet [b] package. This algorithm 
constructs, for each input object (e.g. a parton, particle 
or energy cluster) i, the quantities dij and as follows: 

dij = nim{k;^^, ^tT)^^P^' 
drB = (2) 

where 

iAR)l - {y, - + (</., - 0,)2, (3) 



kfi is the transverse momentum of object i with respect 
to the beam direction, (f>i is its azimuthal angle, and 
is its rapidity, defined as y — ^\n[{E + pz)/{E — p^)], 
where E denotes the energy and Pz is the component of 
the momentum along the beam direction. A list containing 
all the dij and diB values is compiled. If the smallest entry 
is a c?ij, objects i and j are combined (their four- vectors 
are added) and the list is updated. If the smallest entry 
is a diB J this object is considered a complete "jet" and is 
removed from the list. As defined above, dij is a distance 
measure between two objects, and dis is a similar distance 
between the object and the beam. Thus the variable R is 
a resolution parameter which sets the relative distance at 
which jets are resolved from each other as compared to 
the beam. In this analysis, two different values for the R 
parameter are chosen: R = 0.4 and R — 0.6; using two 
values allows comparison to QCD calculations subject to 
rather different soft (non-perturbative) QCD corrections. 
The anti-/cf algorithm is well-motivated since it can be 
implemented in next-to-leading-order (NLO) perturbative 
QCD (pQCD) calculations, is infrared-safe to all orders, 
and produces geometrically well-defined ("cone-like") jets. 

The jet cross section measurements are corrected for all 
experimental effects, and so refer to the ideal "truth" final- 
state of a proton-proton collision (see, for example (tI), 
where jets are built from stable particles, i.e. those with a 
proper lifetime longer than 10 ps. This definition includes 
muons and neutrinos from decaying hadrons. 

Inclusive single-jet double-differential cross sections are 
measured as a function of jet px and y for all jets in the 
kinematic region > 60 GeV, |y| < 2.8. This ensures 
that jets lie well within the high efficiency plateau region 
for the triggers used, as described in Section |6] and that 
the jets are in a region where the jet energy scale is well 
understood, as described in Section [7] 

The dijet double-differential cross section is measured 
as a function of the invariant mass of the dijet system, 
r7ii2, binned in the maximum rapidity of the two leading 
(i.e. highest px) jets, |y|max = max(|yi|, |y2|)- It is also 
measured as a function of the angular variable 

X = exp(|yi-y2|)-^3^ (4) 

binned in the dijet mass mi2. Here the subscripts 1,2 label 
the highest and second highest px jet in the event within 
\y\ < 2.8, respectively, and 6* is the polar scattering angle 
of the outgoing jets in the dijet centre-of-mass frame. The 
approximation in the expression is exact for massless jets 
perfectly balanced in px- The leading jet is required to 
lie in the px, \y\ kinematic region defined above. The sub- 
leading jet is required to lie in the same rapidity region 
and to have px > 30 GeV, which ensures that both the 
jet reconstruction efficiency and purit}]^ are above 99%. 
This cut is also important to limit misidentification of the 
subleading jet due to less precise jet energy resolution for 

^ The efficiency and purity were determined using Monte 
Carlo with a requirement that truth and reconstructed jets 
match to within AR = 0.3. 
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PT < 30 GeV (see Section Allowing for some imbal- ATLAS MC09 flSl with the MRST2007LO* [T6l[l7] mod 



ance in the px of the two jets improves the stability of the 
NLO calculation [iSj. 

The dijet mass is plotted in the allowed rapidity re- 
gion only above the minimum mass where it is no longer 
biased by the pt and rapidity cuts on the two leading jets. 
The minimum unbiased mass depends on the |2/|max bin, 
which determines the maximum opening angle in rapid- 
ity allowed. The biased spectrum below this mass is not 
measured due to its particular sensitivity to the jet energy 
scale uncertainty through the jet px cut. 

The variable x is plotted up to a maximum of 30, re- 
stricting the angular separation in rapidity to \yi — y2\ < 
ln(30). In the rotated coordinate system (y*, yboost): where 
y* = 0.5- (yi -y2), and yboost = 0.5 • (yi -t- 2/2) is the boost 
of the dijet system with respect to the laboratory frame, 
this restricts the acceptance to |y*| < 0.51n(30). An or- 
thogonal acceptance cut |yboost| < 1-1 is then made on the 
X distribution in order to reject events in which both jets 
are boosted into the forward or backward direction. This 
reduces the sensitivity to parton density function (PDF) 
uncertainties at low x, where x is the fraction of the mo- 
mentum of the proton carried by the parton participating 
in the hard scattering, and in turn enhances sensitivity 
to differences that could arise from deviations from the 
matrix element predictions of pQCD. The x spectrum is 
plotted only in mass bins above the minimum unbiased 
mass. 

The kinematic constraints mean that the region of x 
probed by these measurements varies in the approximate 
range 5 x 10~^ < x < 0.4 for the inclusive jet measure- 
ments, and 1.4 x lO^'^ < a; < 0.3 for the dijet measure- 
ments. 



4 Monte Carlo Samples 

Samples of simulated jet events in proton-proton colli- 
sions at ^/s = 7 TeV were produced using several Monte 
Carlo (MC) generators. The Pythia 6.421 [9] event gen- 
erator is used for the baseline comparisons and correc- 
tions. It implements leading-order (LO) pQCD matrix el- 
ements for 2 — ;> 2 processes, px-ordered parton showers 
calculated in a leading-logarithmic approximation, an un- 
derlying evenlj^ simulation using multiple-parton interac- 
tions, and uses the Lund string model for hadronisation. 
For studies of systematic uncertainties, jet samples were 
produced using the Herwig 6 
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generator, which also 
employs LO pQCD matrix elements, but uses an angle- 
ordered parton shower model and a cluster hadronisation 
model. The underlying event for the Herwig 6 samples 
is generated using the JiMMY 
parton interactions. The HerwigH — h 
and Sherpa [l4] programmes were also used for various 
cross-checks. The samples are QCD 2 — >■ 2 scattering sam- 
ples created using a tuned set of parameters denoted as 



package using multiple 
Alpgen 
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The term underlying event is used to mean particles pro- 
duced in the same proton-proton collision, but not originating 
from the primary hard partonic scatter or its products. 



ified leading-order PDFs, unless stated otherwise. 

The generated samples are passed through a full sim- 
ulation [l8| o f the ATLAS detector and trigger based on 
Geant4 



20 



was 



T19]. The Quark Gluon String model 
used for the fragmentation of the nucleus, and the Bertini 
cascade model 
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for the description of the interactions 
of the hadrons in the medium of the nucleus. The param- 
eters used in Geant4 are described in more detail else- 
where f22;] . Test-beam measurements for single pions have 
shown that these simulation settings best describe the re- 



sponse and resolution in the barrel [23| and end-cap 24 
calorimeters. 

Finally, the events are reconstructed and selected using 
the same analysis chain as for the data with the same 
trigger, event selection, and jet selection criteria. 



5 Theoretical Predictions 



Several NLO pQCD calculations are available for jet pro- 



duction in proton-proton collisions. NLOJET-I--I- 4.1.2 25 
was used to calculate the QCD 2 — 2 scattering process 
at NLO for comparison with data. JETRAD 26 was used 



for cross-checks. The CTEQ 6.6 [27j NLO parton densi- 
ties were used for the central value and uncertainties, and 
the MSTW 2008 IB], NNPDF 2.0 (28l and HERAPDF 
1.0 I29i parton density sets were used as cross-checks. The 
default renormalisation and factorisation scales (/i^^ and 
/i F respectively) were defined to be equal to the px of the 
leading jet in the event. To estimate the potential impact 
of higher order terms not included in the calculation, 
was varied from half to twice the default scale. To esti- 
mate the impact of the choice of the scale at which the 
PDF evolution is separated from the matrix element, /j^p 
was similarly varied. These two scales were varied indepen- 
dently apart from a constraint that the ratio of the two 
scales be between 1/2 and 2, applied to avoid introducing 
large logarithms of the ratio of the scales. In addition, the 
effect of the uncertainty in the strong coupling constant, 
as{Mz), was estimated by calculating the cross section 
using as{Mz) values within the uncertainty range, and 
using PDFs fitted using these values. To efficiently calcu- 
late all these uncertainties, the Applgrid 30 program 
was used. 

The NLO calculations predict partonic cross sections, 
which are unmeasurable. For comparison with data at the 
particle level, soft (non-perturbative) corrections must be 
applied. This was done using leading-logarithmic parton 
shower Monte Carlo programs, by evaluating the ratio of 
the cross section before and after hadronisation and under- 
lying event simulation and dividing the NLO theory distri- 
butions by this factor. The Pythia 6 and Herwig 6 mod- 
els described above were used, a s well as a variety of alter- 
native tunes of Pythia 6 [31|32 as a cross-check. The cen- 
tral value used is that from the Pythia 6 MC09 sample, 
and the uncertainty is estimated as the maximum spread 
of the other models investigated. To calculate the parti 
cle and parton-level theory distributions, the Rivet 33 
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package was used. The soft QCD corrections depend sig- 
nificantly on the value of R (0.4 or 0.6), since wider jets are 
affected more by the underlying event, whereas narrower 
jets are more likely to lose particles due to hadronisation. 
The size of these effects, and their dependence on jet size, 
increases with decreasing px- The corrections are within 
5% of unity over most of the kinematic region, but drop 
to -10% for the lowest px jets with R — 0.4, and rise to 
about 15% for the lowest pT jets with R = 0.6. 



6 Trigger Efficiency 

The MBTS_1 trigger, which requires a single MBTS counter 
over threshold, was operational in the early data-taking 
period. It was used to trigger approximately 2% of the 
integrated luminosity of the data sample analysed. It has 
negligible inefficiency (as measured in randomly triggered 
events [3]) for the events considered in this analysis, which 
all contain several charged tracks. As the instantaneous 
luminosity increased, this trigger had a large prescale fac- 
tor applied. Consequently subsequent events - comprising 
approximately 98% of the data sample studied - were trig- 
gered by the jet trigger. 

The lowest threshold LI jet trigger, which is used in 
this analysis, employs a 0.4 x 0.4 window size in ry — and 
requires a jet with pT > 5 GeV at the electromagnetic 
scale (see Section [7| . The inclusive jet trigger efficiency 
was measured with respect to the MBTS_1 trigger, which 
provides an unbiased reference as described above. Its effi- 
ciency is shown as a function of the final reconstructed pt 
for single jets {R = 0.4 and 0.6) in Fig. [I] The efficiency is 
compared to that predicted from MC simulation, demon- 
strating that the modelling of the trigger efficiency curve 
is good. The trigger efficiency for jets with pT > 60 GeV 
and \y\ < 2.8 is above 99%. All events considered here 
contain at least one jet in this region. 



7 Jet Energy Scale Calibration 

The input objects to the jet algorithm in the data and in 
the detector-level simulation are topological energy clus- 
ters in the calorimeter 34 . These clusters are seeded by 
calorimeter cells with energy liJcciil > 4cr above the noise. 



where a is the RMS of the noise. All directly neighbouring 
cells are added, then neighbours of neighbours are itera- 
tively added for all cells with signals above a secondary 
threshold lE'cciil > 2(t. Finally the energy in all further im- 
mediate neighbours is added. Clusters are split or merged 
based on the position of local minima and maxima. The 
cell energies are summed to give the cluster energy, and 
the clusters are treated as massless. The baseline calibra- 
tion for these clusters corrects their energy to the elec- 
tromagnetic (EM) scale. The EM scale is established us- 
ing test-beam measurements for electrons and muons in 
the electromagnetic and hadronic calorimeters 35 -37 . It 
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provides a good estimate of the energy deposited in the 



Fig. 1. Inclusive-jet LI trigger efficiency as a function of re- 
constructed jet Pt for jets identified using the anti-fct algorithm 
with (upper) R = 0.4 and (lower) R = 0.6. 



calorimeter by photons and electrons, but does not cor- 
rect for detector effects on the calorimeter measurement, 
including: 

— calorimeter non-compensation (the ATLAS calorime- 
ters' response to hadrons is lower than their response 
to electrons of the same energy), 

— energy losses in inactive regions of the detector ( "dead 
material" ), 

— particles for which the shower is not totally contained 
in the calorimeter. 
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In addition, the baseline calibration does not correct for: 

— particles that are clustered into the truth jet but for 
which the corresponding cluster is not in the recon- 
structed jet, 

— inefficiencies in energy clustering and jet reconstruc- 
tion. 

After a jet is identified, its energy is calibrated to account 
for these efi^ects, as follows. 

The jet energy calibration is carried out in 45 bins of 
77 as a function of px and is based upon MC simulation. 
The simulation has been validated using test-beam and 
collision data. Jets with pseudorapidity up to 1.2 are con- 
sidered central, while jets with 1.2 < \r]\ < 2.8 belong to 
the end-cap regioij^ 

The jet energy scale (JES) is obtained using recon- 
structed calorimeter jets matched to MC particle jets 
(truth jets, but excluding muons and neutrinos) within 
a cone of AR = 0.3. Each jet is required to be isolated, 
such that there are no other jets with pT > 7 GeV within 
a cone of 2.5 x R around the jet axis. The distribution 
of the response of the calorimeter jets matched with MC 
particle-level jets, in bins of particle-level jet px and 77, is 
used to determine the average jet energy response as the 
mean value of a Gaussian fit. 

The correction is obtained by evaluating the transfer 
function between the energy of the particle-level and EM 
scale jets, inverting it, and refitting the resulting distri- 
bution in bins of reconstructed pt to obtain a correction 
which can be applied in such bins. The JES correction is 
shown in Fig.[2]as a function of the jet at the EM scale, 
for anti-Zct jets with R = 0.6, for two of the rapidity bins. 
The size of the overall correction to the px of the jets is 
below 75%, and for central jets with px > 60 GeV it is 
below 50%. 



8 Uncertainty on the Jet Energy Scale 

The JES systematic uncertainty is derived combining in- 
formation from test-beam data, LHC collision data and 
MC simulations. 

The pseudorapidity bins used for the estimate of the jet 
energy scale uncertainty divide the detector in five I77I re- 
gions with boundaries at 0.0, 0.3, 0.8, 1.2, 2.1 and 2.8. This 
binning closely matches the binning in y used in the final 
cross section measurement, which follows the calorimeter 
geometrjj^ 

Only jets with a particle-level jet px > 20 GeV, and a 
measured pt > 10 GeV after calibration, are considered. 
No isolation requirement is imposed in the evaluation of 
the uncertainty in the JES. 

* The end-cap region includes the transition in the ATLAS 
detector between the barrel and the end-cap, which needs spe- 
cial treatment because of its geometry and material composi- 
tion. 

^ For massless objects, rapidity and pseudorapidity are iden- 
tical. 
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Fig. 2. Average jet energy scale correction, evaluated using 
Pythia 6, as a function of jet transverse momentum at the 
EM scale for jets in the central barrel (black circles) and end- 
cap (red triangles) regions, shown in EM scale pT bins and rj 
regions. 

8.1 Experimental Conditions and Calibration Method 

Several sources of uncertainty related to the detector and 
experimental conditions have been considered: 

— Material and Geometry The effect of additional 
dead material on the jet energy scale has been eval- 
uated with a dedicated geometry model in the simula- 
tion, which includes the presence of additional material 
in front of the barrel calorimeters. Test-beam measure- 
ments [38 and comparisons of 900 GeV data to simula- 
tions 1 39 have been used to conservatively estimate the 
largest possible change in the amount of material. The 
contribution to the JES uncertainty from this source 
is around 2% of the jet energy. 

— Noise Thresholds The uncertainty on the JES due 
to possible discrepancies between data and the descrip- 
tion of the calorimeter electronic noise in the Monte 
Carlo was evaluated using MC simulation samples re- 
constructed with signal-to-noise thresholds for topo- 
logical cluster seeds and cell neighbours modified to be 
10% higher and 10% lower than their nominal values. 
The stability observed in the noise in special monitor- 
ing runs where calorimeter signals were studied in the 
absence of genuine signals, and the comparison of the 
noise distribution between data and MC simulation, 
indicate that this 10% variation provides a conserva- 
tive estimate of the uncertainty on the noise descrip- 
tion. The maximum contribution to the JES from this 
source occurs at low jet px values, where it is around 
3% of the jet energy. 

— Beamspot The jet reconstruction for the JES calibra- 
tion uses (x, y, z) = (0, 0, 0) as a reference to calculate 
the direction and px of the input jet constituents. If 
the beamspot is shifted with respect to this position, 
and if this shift is not correctly modelled, the jet px 
could be biased. The variation of the JES from differ- 
ences in the beamspot position between data and MC 
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simulation is evaluated using a sample generated with 
a shifted beamspot of {x,y,z) = (1.5,2.5,-9) mm. 
This shift covers the shift in the current average coor- 
dinates observed from data collected by ATLAS from 
LHC collisions: ix,y,z) = (-0.4,0.62,-1.3) mm. The 
contribution to the JES uncertainty is below 1% of the 
jet energy 

EM scale For the LAr calorimeters, the EM scale has 
been measured in test-beam studies, translating into a 
3% uncertainty in the scale for in situ operation of the 
calorimeter |36,38[[40]. 

For the tile calorimeter, the EM scale uncertainty of 
4% is obtained by comparing test-beam muons, cosmic- 



ray muons and simulation 37 



These uncertainties are scaled according to the average 
fraction of jet energy deposited, respectively, in the 
electromagnetic and hadronic calorimeter as a function 
oipT, and combined to form the uncertainty on the EM 
scale. 

Closure test of the JES calibration Any deviation 
from unity (non-closure) in £^nd energy response 
with respect to the particle jet after the application of 
the JES corrections to the nominal MC sample implies 
that the kinematics of the calibrated calorimeter jet 
are not restored to that of the corresponding particle 
jets. This can be caused by, for example, the fact that 
the JES calibration is derived using isolated jets, while 
the systematic uncertainty is estimated for inclusive 
jets. 

The systematic uncertainty due to the non-closure of 
the calibration procedure in any given bin is taken as 
the largest deviation of the response from unity seen 
either in energy or px in that bin. The contribution to 
the uncertainty from this source is below 2% of the jet 
energy. 

JES uncertainty from dijet balance studies The 

JES uncertainty for the higher rapidity regions of the 
barrel and for the end-cap region is determined using 
the JES uncertainty for the central barrel region (0.3 < 
I77I < 0.8) as a baseline, and adding a contribution 
from the calibration of the jets with respect to it. This 
contribution is evaluated by measuring the relative pt 
balance of forward jets in dijet events against reference 
central jets 



41 



The T] intercalibration uncertainty is 
determined for jets where the average pt {p^^) of the 
two leading jets is between 50 GeV and 110 GeV and 
the resulting uncertainty is applied to all p^. Since 
the main sources of uncertainty have been shown to 
decrease for higher and energy values than those 
considered in the jet 77-intercalibration study, this leads 
to a conservative estimate of the uncertainty in the 
end-cap region for most of the jets considered. 
The ratio of the calorimeter response between the ref- 
erence jet (lying in the region < |?7| < 0.8 ) and the 
probe jet, as a function of the probe jet 77, is shown 
in Fig. [3] for both data and simulation. Two contribu- 
tions to the uncertainty are derived - that due to the 
difference between data and simulation, and that due 
to the deviation from unity in the data. The combined 
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Fig. 3. Jet Pt response (^pj^*'P''°''=ypj^'''^<=f='^<="^<=) after the EM 
scale plus JES (EM-I-JES) calibration against jets in the central 
reference region (0 < \ri\ < 0.8), obtained by exploiting the pt 
balance as a function of ri in data and simulation. The lower 
plot indicates the ratio of the data to the simulation result. 



contribution to the JES uncertainty from these sources 
is below 3% of the jet energy. 



8.2 Hadronic Shower Model 

The contributions to the JES uncertainty from the hadro- 
nic shower model are evaluated using two MC samples, 
one in which the Bertini nucleon cascade is not used, and 
one in which the Fritiof model 



42 is used instead of the 



Quark Gluon String fragmentation model. 

ATLAS test-beam data for single pions with energies 
ranging from 2 to 180 GeV have been compared to simu- 
lations using these two sets of parameters 43 . The mea- 



sured mean single pion response was shown to lie between 
these two descriptions over the whole pt range of particles 
in jets. These models lead to variations of within ±4% in 
the calorimeter response to hadrons. This is confirmed by 
studies comparing single isolated hadrons in collision data 
to MC simulation (iil. 



8.3 Event Generator Models 

The contributions to the JES uncertainty from the frag- 
mentation and underlying event models and parameters 
of the MC event generator are obtained using samples 
generated with Alpgen -|- Herwig -I- Jimmy (which has 
a different matrix element, parton shower, hadronisation 
model and underlying event compared to the nominal sam- 
ple), the Pythia 6 MC09 tune modified to use Peru- 
giaO fragmentation (which has a different und erly ing-event 
model with respect to the nominal sample 31 ) and the 
Pythia 6 MC09 tune modified to use parameters tuned 
to LEP data using the Professor [32] software. 



The observed deviations of the response from unity are 
smaller than 4%. 
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8.4 Pile-up 

In data-taking periods with higher instantaneous luminos- 
ity, the effect of pile-up (multiple proton-proton interac- 
tions in the same bunch crossing) was small, but not negli- 
gible. The size of the effect was estimated by studying the 
dependence of the average energy density deposited in the 
calorimeters as a function of the number of reconstructed 
vertices per event. No correction is applied for this effect, 
but it is accounted for in the JES uncertainty. For jets 
with 20 < pt < 50 GeV, the pile-up fractional system- 
atic uncertainty is about 1% in the barrel and 1-2% in 
the end-caps. For px > 50 GeV, the pile-up uncertainty is 
only significant for \ri\ > 2.1, and is smaller than 1%. 
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8.5 Effect of decorrelated JES uncertainty on dijet 
observables 

Dijet observables, which in a single event can span the 
entire range in rapidity, with one jet in the central region 
and one in the end-cap region, are sensitive to decorrela- 
tions in the JES uncertainty as well as to its value at any 
given bin in rapidity. Based on results from dijet balance, 
a 3% positive shift in the jet energy scale was taken at 
\y\ = 2.8 compared to that at \y\ = 0, varying linearly in 
between and assumed to be symmetric in rapidity. This 
shift is interpreted as a 3% relative JES uncertainty and 
is added in quadrature to the other (absolute) sources of 
uncertainty for the dijet cross sections. 



8.6 Combination of JES Uncertainties 

Given that the JES uncertainty is applied to all com- 
ponents of the jet four-momentum, the largest deviation 
from unity in each bin derived from energy or pT response 
is considered as the contribution to the final JES system- 
atic uncertainty for each specific systematic effect. 

All individual uncertainties are added in quadrature 
except that from the closure test, which is conservatively 
treated as fully correlated and added linearly. 

Figure |4] shows the final fractional JES systematic un- 
certainty as a function of jet pt for an example central rj 
region. Figure [5] shows the forward region, where the con- 
tribution from intercalibration with the central region is 
also included. Both the total systematic uncertainty (light 
blue area) and the individual contributions are shown, 
with statistical errors from the fitting procedure if appli- 
cable. The pile-up uncertainty (see Section 8.4| and the 



dijet-specific relative uncertainty (see Section 8.5 ) are not 
included in these plots. 

The maximum JES uncertainty in the central region 
amounts to approximately 9% for jets with 30 GeV < pt 

< 60 GeV, and 7% for pT > 60 GeV. The uncertainty is 
increased to up to 10% and 8% respectively for 30 GeV 

< Pt < 60 GeV and px > 60 GeV in the end-cap region, 
where the central uncertainty is taken as a baseline and 
the uncertainty due to the intercalibration is added. 



anti-k R=0.6, 2.1<|ti|<2.8, PYTHIA 6 



Fig. 4. Fractional jet energy scale systematic uncertainty as 
a function of pt for jets in the pseudorapidity region 0.3 < 
r;| < 0.8 in the barrel calorimeter. The total systematic un- 
certainty is shown as the solid light blue area. The individual 
sources are also shown, with statistical errors if applicable. 
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Fig. 5. Fractional jet energy scale systematic uncertainty as 
a function of px for jets in the pseudorapidity region 2.1 < 
\Tj\ < 2.8. The total uncertainty is shown as the solid light 
blue area. The JES uncertainty for the end-cap is extrapolated 
from the barrel uncertainty using dijet balance, with the con- 
tributions from the deviation from unity in the data {-q relative 
intercalibration) and the deviation between data and simula- 
tion (ri intercalibration Data/MC) shown separately. The other 
individual sources are also shown, with statistical errors if ap- 
plicable. 



The dominant contributions to the uncertainty come 
from the hadronic shower model, the EM scale uncer- 
tainty, the detector material description, and the noise 
description. 

The same study has been repeated for anti-fct jets with 
resolution parameter R = 0.4, and the estimate of the JES 
uncertainty is comparable to anti-fct jets with R = 0.6, al- 
beit slightly smaller because of the reduced effect of the 
dead material variation and the change in the noise contri- 
bution due to the smaller jet radius. The JES uncertainty 
for anti-fct jets with R ~ 0.4 is between « 8% (9%) at low 
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jet pT and w 6% (7%) for jets with px > 60 GeV in the 
central (end-cap) region. 

The overall JES uncertainty is consistent with the re- 
sults of detailed comparisons between collision data and 



simulation 45 



9 Event Selection 

The jet algorithm is run on energy clusters assuming that 
the event vertex is at the origin. The jet momenta are then 
corrected for the beamspot position. After calibration, all 
events are required to have at least one jet within the kine- 
matic region px > 60 GeV, \y\ < 2.8. Additional quality 
criteria are also applied to ensure that jets are not pro- 
duced by noisy calorimeter cells or poorly-calibrated de- 
Events are required to have at least one 



46 



tector regions 

vertex with at least five reconstructed tracks connected, 
within 10 cm in z of the beamspot. Simulated events are 
reweighted so that the z vertex distribution agrees with 
the data. Of the events passing the kinematic selection, 
2.6% have more than one vertex. The overall efficiency 
of these selection cuts, evaluated in simulation using trig- 
gered events with truth jets in the kinematic region of 
the measurement, is above 99%, and has a small depen- 
dence on the kinematic variables. Background contribu- 
tions from non-pp-collision sources were evaluated using 
unpaired and empty bunches and found to be negligible. 

After this selection, 56535 (77716) events remain, for 
R = 0.4 (0.6), with at least one jet passing the inclusive 
jet selection. Of these, 45621 (65739) events also pass the 
dijet selection. 



10 Data Correction 

The correction for trigger and detector efficiencies and res- 
olutions, other than the energy scale correction already 
applied, is performed in a single step using a bin-by-bin 
unfolding method evaluated using the MC samples. For 
each measured distribution, the corresponding MC cross 
section using truth jets (including muons and neutrinos) is 
evaluated in the relevant bins, along with the equivalent 
distributions after the detector simulation and analysis 
cuts. The ratio of the true to the simulated distributions 
provides a correction factor which is then applied to the 
data. Pythia 6 is used for the central correction. The un- 
certainty is estimated from the spread of the correction for 
the different generators, and also from artificially chang- 
ing the shape of the simulated distributions by reweighting 
the MC samples to account for possible biases caused by 
the input distribution. 

This procedure is justified by the good modelling of 
the trigger efhciencies (Fig. [I]) and the fact that the pt 
and y distributions of the je ts are reasonably well de- 
scribed by the simulation [45]. It is also important that 
the energy flow around the jet core is well understood, 
both as a validation of the QCD description contained 
in the event generators and as a cross check of the cal- 
ibration studies previously discussed, most of which are 



sensitive to the distribution of energy amongst particles, 
and within different angular regions, within the jet. The 
energy and momentum flow within jets can be expressed 
in terms of the differential jet shape, defined as the frac- 
tion, p{r) = p^/p!}, where is the transverse momentum 
within a radius R of the jet centre, and p^ is the transverse 
momentum contained within a ring of thickness Ar = 0.1 
at a radius r = ^ i^Ayf' + (^0)^ around the jet centre, 
divided by Ar. The jet shapes evaluated (without any 
correction for detector effects) using energy clusters and 
tracks are shown separately in Fig. [6] for anti-fcj jets with 
R = 0.6. The jets simulated by Pythia 6 are shghtly 
narrower than the jets in the data, while the Herwig 6 
-I- Jimmy and HerwigH — I- simulations provide a some- 
what better description. Overall the distribution of energy 
within the jets is reasonably well simulated. A similar level 
of agreement has been demonstrated for R = 0.4 jets. This 
gives further confidence in the calibrations and corrections 
applied. 

The resolutions in y, pT, dijet mass toi2, and dijet x 
for anti-fcj jets with R = 0.6 within \y\ < 2.8, as obtained 
using Pythia 6, are shown in Fig. [7] The present JES cal- 
ibration procedure applies an average correction to restore 
the jet response and does not attempt to optimise the jet 
energy resolution, which can be improved with more so- 
phisticated calibration techniques. From dijet balance and 
E/p studies of single hadrons, the pt resolution has been 
verified to within a fractional uncertainty of « 14% 47 



though at a lower pT than most of the jets considered 
here. The effect of varying the nominal resolution by 
up to 15% of its nominal value is included in the system- 
atic uncertainty on the unfolding correction factors. The 
uncertainties due to the jet energy scale are also propa- 
gated to the final cross section through this unfolding pro- 
cedure, by applying variations to simulated samples. A fit 
is used to reduce statistical fluctuations in the systematic 
uncertainties from the jet energy scale for the dijet mass 
spectrum. 

The overall correction factor for the spectrum is 
below 20% throughout the kinematic region, and below 
10% for central jets withpx > 60 GeV. As an example, the 
correction factors for the px spectrum with R ~ 0.6 are 
shown along with their systematic uncertainties in Fig. [8] 
for two rapidity regions. For the dijet mass spectrum, the 
correction factors are generally within 15% while for x 
they are less than 5%. 

The integrated luminosities are calculated during run^ 
by measuring interaction rates using several ATLAS de- 
vices at small angles to the beam direction, with the ab- 
solute calibration obtained from van der Meer scans. The 



uncertainty in the luminosity is estimated to be 11% 48 



The final systematic uncertainty in the cross section 
measurements is dominated by the jet energy scale uncer- 
tainty. 



An ATLAS run is a period of continuous data-taking during 
an LHC proton fill. 
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Fig. 6. The uncorrected jet shape measured using energy 
clusters (first two plots) and tracks (third and fourth plots) for 
anti-fct jets with R = 0.6, compared to simulation, as a function 
of the radial distance to the jet axis, r. The first and third 
figures show the jet shapes for all jets with pt > 60 GeV, and 
the second and fourth show the shape for the second highest 
Pt jet in dijet events. 



11 Results and Discussion 



The cross sections from the parton-shower MC generators 
considered here are not reliable, since these calculations 
are performed at leading-order. However, many important 
kinematic terms are included in these calculations, and, 
unlike the NLO pQCD calculations, the predictions are 
made at the particle level. A comparison of the shapes of 
the distributions is therefore valuable. The expectations 
for the corrected pt and x distributions from two different 
Pythia 6 parameter tunes, as well as for Herwig 6 + 
Jimmy programs are compared to the data in Figs. [9p2l 
The normalisation of the simulation is to the inclusive jet 
cross section separately for each R value, and requires the 
factors shown in the legencj^ In general the simulations 
agree with the shapes of the data distributions. 

The differential inclusive jet cross section in 7 TeV 
proton-proton collisions is shown in Fig. [13] and Fig. [T4j 
as a function of jet px, for anti-fct jets with R = 0.4 and 
R = 0.6 respectively. The cross section extends from — 
60 GeV up to around pr = 600 GeV, and falls by more 
than four orders of magnitude over this range. The data 
are compared to NLO pQCD calculations corrected for 
non-perturbative effects. For both R = 0.4 and R = 0.6, 
data and theory are consistent. 

Figures [15] and [16] show the double-differential cross 
section as a function of jet p^ in several different regions 
of rapidity. Tables [l}|3] and ]4}|6] detail the same data. A 
selection of the same cross sections expressed as a function 



of rapidity in different ranges is shown in Figs. 17 and 
[TS) In Figs. [19] and [20] the ratio of the measurement to the 
theoretical prediction is shown for the double-differential 
distribution in jet p^ for R — 0.4 and R — 0.6 respectively. 
The data are again compared to NLO pQCD predictions 
to which soft corrections have been applied, where the 
predictions are also given in the tables. In all regions, the 
theory is consistent with the data. 



In Figs. 21 and 22 the double-differential dijet cross 
section is shown as a function of the dijet mass, for dif- 
ferent bins in |y|max. The cross section falls rapidly with 
mass, and extends up to masses of nearly 2 TeV. Fig- 
ures [23] and |24] show the cross section as a function of the 
dijet angular variable x foi' different ranges of the dijet 
mass mi2. The data are compared to NLO pQCD calcu- 
lations corrected for non-perturbative effects. The theory 
is consistent with the data. The dijet mass measurements 
and the theory predictions are also given in Tables |7][TT] 
and [T2][T6| for R = 0.4 and R = 0.6 respectively. Those for 
X are given in Tables [T7]|T9] and |20]l22 
In Figs. |25] and 126 



the ratio of the measurement to the 
theoretical prediction is shown for the double-differential 
dijet cross sections for R — 0.4 and R — 0.6 respectively. 
The data are again compared to NLO pQCD predictions 
to which soft corrections have been applied, also included 



^ If the R = 0.4 and R = 0.6 measurements are fitted simul- 
taneously, the factors are 0.91, 0.92 and 0.69 for Herwig -I- 
JiMMY, Pythia 6 PerugiaO tune and Pythia 6 MC09 respec- 
tively. 
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in the tables. In all regions, the theory is consistent with 
the data. 



12 Conclusion 

Inclusive and dijet cross sections have been measured for 
the first time in proton-proton collisions with the ATLAS 
detector, at a centre-of-niass energy of 7 TeV, using an 
integrated luminosity of 17 nb~^. 

The cross sections have been measured with the anti-fcf 
algorithm using two different R parameters, with differ- 
ent sensitivity to soft QCD corrections. This is the first 
cross section measurement in hadron-hadron collisions us- 
ing this jet algorithm. 

The cross sections extend into previously unmeasured 
kinematic regimes. For inclusive jets, the double-differen- 
tial cross section has been measured for jets with \y\ < 
2.8 and pr > 60 GeV. The pr distribution extends up 
to 600 GeV. For dijet events, containing a jet with p^ > 
30 GeV in the same rapidity region, the cross section has 
been measured as a function of the dijet mass and of the 
angular variable %. The dijet mass distribution extends up 
to nearly 2 TeV. 

The dominant systematic uncertainty in these mea- 
surements comes from the jet energy response of the calo- 
rimeter. This scale uncertainty has been determined to 
be below 10% over the whole kinematic range of these 
measurements, and to be below 7% for central jets with 
Pt > 60 GeV, leading to a systematic uncertainty in the 
cross sections of around 40%. 

The measurements use only 17 nb~^ of integrated lu- 
minosity, but the statistical errors are not the dominant 
contribution to the uncertainty below around 300 GeV 
in transverse momentum. Data already recorded by AT- 
LAS will extend the reach of subsequent measurements 
and their precision at high transverse momenta. 

Leading-logarithmic parton-shower MC generators pro- 
vide a reasonable description of the energy flow around the 
jets, and of the shapes of the measured distributions. 

The differential cross sections have been compared to 
NLO pQCD calculations corrected for non-perturbative 
effects. The inclusive jet measurements are sensitive to 
the combination of the QCD matrix element and parton 
densities within the proton, evolved from determinations 
made using measurements from previous experiments at 
lower energy scales. The dijet measurements have been 
made in a region where the sensitivity to the parton dis- 
tributions is reduced, and thus primarily test the struc- 
ture of the QCD matrix element. For both inclusive and 
dijet measurements, the theory agrees well with the data, 
validating this perturbative QCD approach in a new kine- 
matic regime. 
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Fig. 9. Inclusive jet double-differential cross section as a function of pt, for different bins of rapidity y. The results are shown 
for jets identified using the anti-fct algorithm with R = 0.4. The data are compared to leading-logarithmic parton-shower MC 
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Fig. 16. Inclusive jet double-diflterential cross section as a function of jet px in different regions of \y\ for jets identified using 
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Fig. 17. Inclusive jet double-diflterential cross section as a function of jet \y\ in different regions of px for jets identified using 
the anti-fct algorithm with 7? = 0.4. The data are compared to NLO pQCD calculations to which soft QCD corrections have 
been applied. The uncertainties on the data and theory are shown as described in Fig. |13| 



The ATLAS Collaboration: Inclusive jet and dijet cross sections 



23 



> 

CD 
O 

Q. 
"O 

h 

CL 
"D 

"D 



0^ 
0^ 
0^ 
0^ 
0^ 
0^ 
0^ 
0^ 
10 

1 



10 



-1 



"1 — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — r 
anti-k, jets, R=0.6 _^ < < so Gev 

- I /.dt=17nb"\ Vs=7TeV 

_©_ 110GeV<p^< 160GeV 



-e- 



-□- 



Systematic Uncertainties 



] NLO pQCD (CTEQ 6.6) x Non-pert. corr. 



-e- 



-e- 



-□- 



-□- 



ATLAS 



210GeV<p^<260GeV z 



310GeV<p^<400GeV E 



E_l I I L 



J I I L 



J I I L 



J I I L 



J I I L 



J I I L 



0.5 



1.5 



2.5 



3 

|y| 



Fig. 18. Inclusive jet double-diflterential cross section as a function of jet \y\ in different regions of px for jets identified using 
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A. Dos Anjos^^^^ M. Dosil^S A. Dottii22a,i22b^ ^ rp Y)oya^°, J.D. Dowell^^ A. Doxiadis^o^^ A.T. Doyle5^ 
Z. Drasal^^e^ j_ preesi'^-*, N. Dressnandt^^o, H. Drevermann^^, C. Driouiclii35 , M. Dris^, J.G. Drolian'^'^, 

J. Dubbert^^, T. Dubbs^^^^ g. Rube", E. Duchovni"\ G. Duckeck^^ A. Dudarev^^, F. Dudziak"-\ M. Diihrssen 
LP. Duerdoth^^ L. Duflot"^ M-A. Dufour^^^ M. Dunfo^d2^ H. Duran Yildiz^'^, A. Dushkin22, R. Duxfield^^^, 
M. Dwuznik37, F. Dydak ^9, D. Dzahini^s, M. Diiren^^^ W.L. Ebenstein^"^, J. Ehke^^, S. Eckert''^ S. Eckweiler^i, 
K. Edmonds^i, C.A. Edwards^^ L Efthymiopoulos''^ K. Egorov^^, W. Ehrenfeld^i, T. Ehrich^^, T. Eifert^^, 
G. Eigenl^ K. Einsweileri", E. Eisenhandler^^^ T. Ekelofi^e^ M. El Kacimi", M. EUert^^^, S. Files", F. EUinghaus^S 
K. Ellis^^ N. Ellis29, J. Elmsheuser^s, M. Elsing^^, R. Ely", D. Emeliyanoyi^s, R. Engelmann"8, A. EngP, 

B. Epp62, A. Eppig*^, J. Erdmann^*, A. Ereditato^^, D. Eriksson"^^, L Ermoline^^, J. Ernst\ M. Ernst^", 
J. Ernweini36^ p Errede^^^^ S. Errcdei^s, E. Ertel^i, M. Escalier"^ C. Escobari^^'^, X. Espinal CuniU", 

B. Esposito''^ F. Etienne^^^ a.L Etienvre^^e^ Etzion^^^^ jj_ Evans6\ V.N. Evdokimov^^s^ p_ Fabbri^^'^'i^'', 

C. Fabre29, K. Facius3^ R.M. Fakhrutdinov^^s^ g Falciano^^^a^ ^ ^ Faloull^ Y. Fang^^^^ M. Fanti^^'^'S^*', 
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A. Farbin^, A. Farilla"'*'', J. Farley"^ T. Farooquel5^ S.M. Farrington"^ P. Fartliouat^^ , D. Faschingi^^ 
P. Fassnacht^s, D. Fassouliotis^ B. Fatholahzadeh^^s^ L Fayard"^ S. Fazio^S'^'Seb^ ^ Febbraro^^, P. Federic"4a^ 
O.L. Fedini2i, I. Fedorko^^, W. Fedorko^^, M. Fehling-Kaschek^^^ L. Feligioni83, C.U. Felzmann^^^ C. Feng32d, 
E.J. Feng3", A.B. Fcnyuk^^s, J. Fcrcncci D. Ferguson^'^^ J. Ferland^^, B. Fcrnandcsi24a.o^ -y^^ Fernando^^^, 
S. Ferrag^^, J. Ferrando^^®, V. Ferrara'^^, A. Ferrari^^^, P. Ferrari^°^, R. Fcrrari^^'''^, A. Fcrrcr^^'', M.L. Ferrer*^'^, 

D. Ferrere^^, C. Ferretti^^ A. Ferretto Parodi^^^'^^^, F. Ferro^O'^'^o'', M. Fiascaris"^, F. Ficdler^i, A. Filipcic^^, 

A. Filippas^, F. Filthautio"^ M. Fincke-Keelcri^s, M.C.N. Fiolhaisi24a,*^ l. Fiorini", A. Firan^^, G. Fischer^S 
P. Fischer M.J. Fislicrio^, S.M. Fisher^^g^ j Flammer^^, M. Flechl^s, I. Fleck^i, J. Fleckner^i, 

P. Fleischmanni^3^ Fleischmann^o , T. Flick"^^ l p.^ piQj.gg CastiUoi^^^ M.J. Flowerdew^^, F. Fohlisch^*^^, 
M. Fokitis^, T. Fonseca Martini*^, J. Fopma"^ D.A. Forbush^^s, A. Formica^^e^ ^ Forti^^^ D. Fortini^sa^ 
J.M. Foster^^^ D. Fournieriis, A. Foussat^^, A.J. Fowler*^, K. Fowler^^^, h. Fox^^, P. Prancavillai22a,i22b^ 
S. Franchino"'^'''"'^'', D. Francis^^, M. Franklin^^, S. Franz^^, M. Fratcrnali"9a,ii9b^ g Fratina^^o, J. Frccstone^^^ 
S.T. French^^, R. Frocsclil^^, D. Froidcvaux^s, J.A. Frost^^, C. Fukunaga^^^^, E. FuUana Torrcgrosa'\ J. Fuster^^?^ 
C. Gabaldon*^o, O. Gabizoni^i, T. Gadfort^^, S. Gadomski^^, G. Gagliardi^O'^-^ob, p. Gagnon^i, C. Galea''^ 

E. J. Gallas"8, M.V. Gallas^^, V. Gallol^ B.J. Gallop^^g^ p Gallus^^s, E. Galyaev^°, K.K. Gan^o^ Y.S. Gao^^.p^ 
V.A. Gapienkoi28^ a. Gaponenko^*, M. Garcia-Sciveres", C. Garda^^^ J.E. Garcia Navarro^^^ R.W. Gardner^o, 

N. Garelli29, H. Garitaonandiai"-\ V. Garonne^^, J. Garvey^^ C. Gatti'^^ G. Gaudio"^^, O. Gaumer^", B. Gauri^i, 
V. Gautard^36^ p Q^^^2zi^32a,i32b^ j L Gavrilenko^*, C. G&y^^^, G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^ P. Ge^^*!, 

C. N.P. Geei29, Ch. Geich-Gimbepo, K. Gellerstedti^^'^'i*^^, C. Gemme^O'*, M.H. Genest^^, S. Geiitilei32a,i32b^ 

F. Georgatos^, S. Gcorgc^^ P. Gcrlachi^^^ A. Gershoni^s, C. Gcwcnigcr5**% H. Ghazlanc^sd^ p^ Ghez", 

N. Ghodbane^^^ B. Giacobbei^^, S. Giagui32a,i32b^ y_ Giakoumopoulou^ V. Giangiobbci22a,i22b^ p^ Gianotti^^, 

B. Gibbard24, A. Gibsoni^s, S.M. Gibson"^, G.F. Gieraltowski^ , L.M. Gilbortll^ M. Gilchriesei'', 

O. Gildemeister29, V. Gilewsky^i, D. Gillberg^s, A.R. Gillmani^g^ p, ^ Gingrich^'?, J. Ginzburgi^^, N. Giokaris^, 
M.P. Giordanii*5^*'i*5^^ R. Giordanoi°2a,i02b^ p M Giorgii5, P. Giovanmni^^, P.F. Giraudl3^ P. Girtler^^, 

D. Giugni89% P. Giustii9^, B.K. Gjclstcn"^ L.K. Gladilin^^ C. Glasman^", J Glatzer^^, A. Glazov^i. 
K.W. Glitzai^'^, G.L. Glontie^, K.G. Gnanvo^^^ J. Godfrey"^, J. Godlewski^^, M. Goebel^i, T. Gopfert^^^ 

C. GoeringerSi, C. G6ssling'*2, T. Gottfert^^, V. Goggiii^'^'iis^.r^ g Goldfarb^^ D. Goldin^s, T. Gollingi^s, 

N.P. Gollub29, S.N. Golovniai28, A. Gomesi24a,«^ l.S. Gomez Fajardo^i, R. Gongalo^^ L. GoncUa^o, C. Gong32b, 
A. Gonidec2^, S. Gonzalezi^2^ g_ Gonzalez de la Hoz^^^, M.L. Gonzalez SiW'^, B. Gonzalez-Pineiro^®, 
S. Gonzalez-Sevilla'*^, J.J. Goodson^^s, L. Goossens29, P.A. Gorbounov^^, H.A. Gordon24, L Goreloyio^^ 

G. Gorfinei^^, B. Gorini29, E. Gorini72a,72b^ ^ Gorisek^^, E. Gornicki^s, S.A. Gorokhovi28, B.T. Gorski29, 
V.N. Goryachevi28^ g Gosdzik^S M. Gosselinkios, M.L Gostkin^s, M. Gouanere*, L Gough Eschrichi^a, 
M. Gouighrii35a^ D. Goujdamii'^"^'\ M.P. Goulette^^, A.G. Goussioui'**, C. Goy^ L Grabowska-Bold^^s,*, 

V. Grabskii76^ P. Grafstrom29, C. Grah^^*, K-J. Grahn"^, p. Grancagnolo^2a^ g Grancagnolol^ V. Grassi"^ 
V. Gratchevi2i^ ^ Grau^*, H.M. Gray^*'", J.A. Gray"8, E. Grazianii^^a^ q.G. Grebenyuki2i , B. Green^^^ 

D. Greenfieldi29, T. Greenshaw^^^ 2.D. Greenwood24^«, LM. Gregor^^, P. Grenier"^^ A. Grewal"®, E. Griesmayer^e , 
J. Griffiths^^s, N. Grigalashvili^s, A.A. Grillo"7^ k. Grimmi^s, S. Grinstein", Y.V. Grishkevicli^^ J.-F. Grivaz"^, 
L.S. Groeriss, J. Grognuz29, M. Groh^^, E. Gross^^^, J. Grosse-Knetter^^^ j Groth-Jensen^^, M. Gruwe29, 

K. Grybel"!, V.J. GuarinoS, C. Guielieney^s, A. Guida^2a,72b^ -p. Guillemin^, S. GuindonS^, H. Guler^^."', 

J. Guntheri25^ g Guo^^^, A. Gupta''", Y. Gusakov^^ V.N. Gushchini28^ Gutierrez9^ P. Gutierrez^", 

N. Guttmani^s, O. Gutzwilleri72^ q Guyot^^^^ C. Gwenlan"®, C.B. GwiUiam^^^ A. Haas^-^^, S. Haas29, C. Haber^*, 

G. Haboubii23, R. Hackenburg24. H.K. Hadavand^^, D.R. Hadley^^, C. Haeberlii^, R Haefner^^, R. Kartells, 

F. Hahn29, S. Haider29, Z. Hajduk^®, H. Hakobyan"^ J. Haller^^'^, G.D. Hallewell®^ K. Hamacheri^"^ 

A. Hamilton's, S. Hamilton"'\ H. Han32a^ p Han32b^ K. Hanagaki"*', M. Hancei2"^ C. Handel^i, P. Hanke^^'^, 

C.J. Hanseni66, J.R. Hansen^'^ J.B. Hansen^^, J.D. Hansen-''-^ P.H. Hansen-'\ T. Hansl-Kozanecka^^T^ 

P. Hansson"^ K. Harai*^", G.A. Hare"^^ T. Harenbergi^'^ Harperi^^, R.D. Harrington2i, Q.M. Harris^^®, 

K Harrisoni^ J.C. Harti29, J. Hartert"®, F. Hartjesi°5, T. Haruyama^e, A. Harvey^e, S. Hasegawaioi, 

Y. Hasegawa^o, K. Hasliemi22, S. Hassanii^s, M. Hatch29, D. Hauff^^, S. Haugl^ M. Hauschild29, R. Hauser^®, 

M. Havraneki25^ B.M. Hawes"^ CM. Hawkesi^ R.J. Hawkings29, D. Hawkinsi^s^ T. Hayakawa^^, H.S. Hayward^^ 

S.J. Haywoodi29, E. Hazen2i, M. He32d, S.J. Head^^ V. Hedberg^^, L. HeeW®, S. Heim^s, B. Heinemanni"*, 

S. Heisterkamp35, L. Helary'', M. Heldmann'^ M. Heller"^ S. Hellman"6a,i46b^ q Helsens", T. Hemperek20, 

R.C.W. Henderson^i, P.J. Hendrikslo^ M. Henke^^a^ Henrichs^", A.M. Henriques Correia29, S. Henrot-Versille"^, 

F. Henry-Couannier^s, C. Hensel^^, T. Henfi^''^, Y. Hernandez Jimenezi67^ A.D. Hershenhorni52, G. Herten^®^ 

R. Hertenberger98, L. Hervas29, N.P. Hesseylo^ A. Hidvegii4fi'\ E. Higon-Rodriguezi*^'^ D. Hill^-*, J.C. HilP^, 

N. Hill^, K.H. Hiller^i, S. Hillert20, S.J. Hillieri^ L Hinchliffe^^ D. Hindsonii®, E. Hines^20^ jyj Hirose"^ 

F. Hirsch42^ p, Hirschbuehli^^, J. Hobbsl^^ N. Hod^^^^ M.C. Hodgkinsoni^s, R Hodgsoni^s, A. Hoecker29, 

M.R. Hoeferkampi03^ J. Hoffmanns, D. Hoffmann's, Hohlfeld'i, M. Holderi^i, T.L HoUinsi^ A. Holmesll^ 

S.O. Holmgren"6a^ t. Holyi27, J.L. Holzbauer*®, R.J. Homeric, Y. Homma^^, T. Horazdovskyi27, C. Horni^a, 

S. Horner^', J-Y. Hostachy5^ T. Hott^^^ S. Hou^^S M.A. Houlden7^ A. Hoummadai^Sa^ p, p Howell"^ 
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J. Hrivnac"^ I. Hruska^^^, T. Hryn'ova^ P.J. Hsul^^ S.-C. Hsu", G.S. Huangi", Z. Hubaccki^^, F. Hubaut*^^^ 

F. Huegging20, T.B. Huffmani^s, E.W. Hughes^^, G. Hughes", R.E. Hughes- Jones^^, M. Huhtinen^s, P. Hurst", 

M. Hurwitz^^, U. Husemann^S N. Huseynoyio, J. Huston8^ J. Huth^^, G. lacobucci^o^a^ g. lakovidis^, 

M. Ibbotson*^^, I. Ibragimov^'*^, R. Ichimiya*'^, L. Iconomidou-Fayard"'^^^, J. Idarraga^^^*^, M. Idzik''^, P. lengo'*, 

O. Igonkinal°^ Y. Ikegami^e, M. Ikcno'^^, Y. Ilchenko^^, D. Iliadisi^"*, D. Imbault'^*, M. Imhacuscri^"*, M. Imorii^^^ 

T. Ince^o, J. Inigo-Golfin^s, P. loannou^, M. lodice"*^^ q. lonescu'', A. Irles Quilcsi'^^ K. Ishii^e, A. Ishikawa**^, 

M. Ishino^e, R. Ishmukhametov^s, T. Isobel5^ C. Issevcr"^^ S. Istin^Sa^ y. Itohioi, A.V. Ivashin^^s, W. Iwanski^s, 

H. Iwasaki^e, J.M. Izen^", V. Izzo^o^a^ b. Jacksoni^o^ J.N. Jackson^^^ p jacksoni^a^ M.R. JaekcP", M. Jahodal2^ 

V. Jain^i, K. Jakobs'*^ S. Jakobsen^^, J. Jakubek^^^, D.K. Jana"\ E. Jankowskii^s, E. Jansen^^, A. Jantsch^^, 

M. Janus^o, R.C. Jared^^^^ G. Jarlskog^^^ L. Jeanty", K. Jelen^^, I. Jen-La Plante^o, P. Jenni^^, A. Jeremie^, 

P. Jez^s, S. Jezequel^, H. Ji^^^ W. Ji™, J. Jia"^ Y. Jiang^^b, M. Jimenez Belenguer^^, G. Jin^^b, s. Jin^^^, 

O. Jinnouchii", M.D. Jocrgcnscn^^, D. Joffc^^, L.G. Johansen^^, M. Johanseni^S'^^i^^b^ Johansson"*^'*, 

P. Johansson"9, S. Johnert''\ K.A. Johns^ K. Jon-And"^'''"^'', G. Jones^^, M. Joncsi^*, R.W.L. Jones", 

T.W. Jones", T.J. Jones^^^ O. Jonsson^^, K.K. Joo^^^'V, D. Joos^^ C. Joram^^, P.M. Jorgei24a,c^ s. Jorgensen", 

J. Joseph", V. Juraneki25, p. Jusscl^^, V.V. Kabachcnkoi^s, S. Kabanai^, M. Kaci^'^'', A. Kaczmarska^^ , 

P. Kadlecik^s, M. Kado"^^ H. Kaganio^, M. Kagan-", S. Kaiser^^, E. Kajomovitz^s^ S. Kahnini^^, 

L.V. Kalinovskaya^s, S. Kama^^, N. Kanaya^^^, M. Kancdai-'^'\ V.A. Kantsorov^^ J. Kanzaki^^, B. Kaplan^^s^ 

A. Kapliy^o, J. KapW^ D. Kar'^^^ Karagounis^^, M. Karagoz"^ M. Karnevskiy^i , K. Karr^, V. Kartvelishvih^i , 

A.N. Karyukhini28, L. Kashif^^, A. Kasmi^^, R.D. Kass^^^, A. Kastanas^^^ ^ Kastoryano^^^^ M. Kataoka*, 

Y. Kataokal5^ E. Katsoufis^, J. Katzy''\ V. Kaushik*', K. Kawagoe^^, T. Kawamotol'5^ G. Kawamura^i, 

M.S. Kayll"^ F. Kayumov^-*, V.A. Kazanini"^, M.Y. Kazarinov^^ S.L Kazi^^^ j p.^ Keatcs^^ R. Kcclcri^^, 

P.T. Kccncri20, R. Kehoe^^, M. Keil^*, G.D. Kekelidze6^ M. Kelly^^^ Kennedy9^ C.J. Kcnnoy"^\ M. Kenyon^^, 

O. Kepkai25, N. Kerschen^^, B.P. Kersevan^^, S. Kersten^^^, K. Kessoku^^^, c. Ketterer^s, M. Khakzad^^, 

F. Kham-zada^o, H. Khandanyani^s^ A. Khanov^^^^ D. Kharchenko^^^ A. Khodinov"^ A.G. Kholodenko^^s^ 

A. Khomich"''^'', G. KhoriauU^°, N. Khovanskiy^^, V. Khovanskiy^^, E. Khramov^''' , J. Khubua"''^, G. Kilvington'''^, 

H. Kim^, M.S. Kim^, P.C. Kim"^, s.H. Kimi^o, N. Kimura"°, O. Kindl^ P. Kindi^"*, B.T. King^^^ King^^, 

J. Kirki23, G.P. Kirschiis, l.E. Kirsch^^ A.E. Kiryunin^^, D. Kisielewska^^, B. Kisielewski^^, T. Kittelmanni^a, 

A. M. Kivcri28, H. Kiyamura", E. Kladiva^^b^ j Klaiber-Lodewigs^^ M. Klein^^^ U. Klcin''^, K. Kleinknecht^i, 
M. Klemctti^^ A. Klieri", A. Klimentov^^, R. Klingenberg'^^ E.B. Klinkby'''', T. Klioutchnikova^^, P.F. Klok^o", 
S. Klousl''^ E.-E. KlugeSS'^, T. Kluge^^^ P. Kluitl°^ S. Kluth^^, N.S. Knechtl^^ E. Kneringer^^, J. Knobloch^^, 

B. R. Ko'^^^ T. Kobayashiiss^ M. Kobcl^^, B. Koblitz^^, M. Kocian"^, A. Kocnar"^ P. Kodys^^e, K. Koneke^^, 
A.C. K6nigi"4^ S. Kocnig^i, S. K^nig^^, L. Kopkc^i, F. Koetsveld^o^, P. Koevesarki^o, T. KofFas^^, E. Koffemanlo^ 

F. Kohn^*, Z. Kohout^"^ T. Kohriki^e, T. Koi"^^ t. Kokott^", G.M. Kolacheyi"^, H. Kolanoskil^ V. Kolcsnikov'5^ 
L Koletsou^, J. KoU^s, D. KoUar^s, M. Kollefrath^s, S. Kolos^^^.^^ g ^ Xolya^^^ A.A. Komar^*, J.R. Komaragiri"^, 
T. Kondo^e, T. Kono^^'"", A.L Kononov^s, R. Konoplichi°8, S.P. Konovalov^^, N. Konstantinidis", A. Kootzi^^, 

S. Koperny37, S.V. Kopikov^^s, K. KorcyP^, K. Kordasi54^ V. Koresheyi^s, A. Korn", A. Koroli'"', L Korolkov^S 
E.V. Korolkova"9, V.A. Korotkov^^s, Q. Kortncr^^ S. Kortner^^ P. Kostka^i, V.V. Kostyukhin^o, 
M.J. Kotamaki29, S. Kotov'^'', V.M. Kotov6^ K.Y. Kotov^o^, C. KourkoumcUs^, A. Koutsniani°5, R. Kowalewski^ss, 
H. Kowalski^i, T.Z. Kowalski^^, W. Kozaneckii^e, A.S. Kozhini^s, V. Kral^^^, v.A. Kramarenko^^ 

G. Krambcrgcr^^ O. Krasel*^^ M.W. Krasny''^ A. Krasznahorkayl°^ J. Kraus®*, A. Kreisel^5^ F. Krejci^^T^ 
J. Krctzschmar ''■'^ , N. Kriegcr^"*^ p Kricgcr^^^, G. Krobath^*, K. Kroeninger^*, H. Kroha^*^, J. KroU-^^", 

J. Kroseberg^o, J. Rrstic^^a^ Kruchonak^s, H. Kriiger^o, Z.V. Krumshteyn^^ , A. Kruth^o, T. Kubota^5^ 

S. Kuehn^*, A. KugeF^ T. Kuhl^", D. Kuhn^^ V. Kukhtin^s, Y. Kulchitsky^o , S. Kuleshov^ib, C. KummerS^, 

M. Kuna*^^ N. Kundu"^ J. Kunklc^^o, A. Knpcoi^s, H. Kurashigc'^'^. M. Kurata^^", L.L. Kurchaninovi^Sa^ 

Y.A. Kurochkin'^", V. Kus^^s, W. Kuykcndalli-^^, M. KuzqI", P. Kuzhir'", O. Kvasnickai^s, R. Kwcci^, 

A. La Rosa29, L. La Rotonda^e^.ssb^ l. Labarga«", J. Labbc^. C. Lacastai^^, F. Lacavai32a,i32b^ jj_ Lackeri^, 

D. Lacour^s^ V.R. Lacuesta^^^ E. Ladygin^s, R. Lafaye^ B. Laforge^^ T. Lagouri^o, S. Lai^^, M. Lamanna^^, 
M. Lambacher^^, C.L. Lampen^, W. Lampl^, E. Lancon^^^, U. Landgraf*^, M.P.J. Landon'^^, H. Landsman^^^, 
J.L. Lanc«2, C. Lange^'i, A.J. Lankfordi«\ F. Lanni^^, K. Lantzsch^^, A. Lanza"^^, V.V. Lapini^*^*, S. Laplace", 

C. Lapoire*^^, J.F. Laporte"'', T. Lari*''', A.V. Larionov ^^8^ A. Larner"*, C. Lasscur^^, M. Lassnig^^, W. Lau"^, 
P. LaureUi"^, A. Lavorato"^, W. Lavrijscn", P. Laycock^^^ ^.B. Lazarev^^^ A. Lazzaro^'^^^^^'', O. Lc Dortz^^ 

E. Le Guirriec83, C. Le Maner^^^, E. Le Menedeu^^e, M. Le Vine^", M. Leahu^^, A. LebedevS-*, C. LebeP^ 
M. Lechowski"5^ T. LeCompte^ F. Ledroit-Guillon^s, H. Lee^^^, J.S.H. Lee^^o, S.C. Lee^^i, M. Lefebvrel*^^ 

M. Lcgcndrci-''^ A. Lcgcr"^ B.C. LcGcyti^o, F. Leggcr'^^^ q Lcggett", M. Lehmachcr^o , G. Lchmann Miotto^^, 

M. Lehtoi39, X. Lei^, R. Leitner^^e^ q Lellouchi^i, J. Lellouch^^^ Leltchouk^", V. LendermannSS'^, 

K.J.C. Leney^^^ T. Lenz^^", G. Lenzen^^", B. Lenzi^^e, K. Leonhardt*^^ J. Lepidis i^*, C. Leroy9^ J-R. Lessardl6^ 

J. Lesser"*^'', C.G. Lcstcr^'^, A. Leung Fook Chcong^^^, J. Lcvcquc^-"', D. Levin*''', L.J. Lcvinson^'''^ M.S. Levitski^^^, 

M. Lewandowska^i, M. Leyton^^, H. Li^^^ X. Li*^ Z. Liang^^, Z. Liang"8'"^ B. Liberti"^'', P. Lichard^^, 

M. Lichtnecker9^ K. Lie^^^s^ Liebig^^^^ R. Lifshitz^^^^ J.N. Lilley^^ H. Lim^, A. Limosani^e^ M. Limper6^ 
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S.C. Linisi, F. Lindel°^ J.T. LinnemannSS , E. Lipeles^^o, L. Lipinskyi^s, A. Lipniackai^, T.M. Lissi'^s, 

D. Lissauer24, A. Lister'^9, A.M. Litke^^^, c. Liu^^, D. Liu^^^'"'^, H. Liu^^ J.B. Liu^^ M. Liu^^^, S. Liu^, T. Liu^^, 
Y. Liu^^b, M. Livan"9'''"9*', S.S.A. Livermore"^ A. Lleres5^ S.L. Lloyd^^^ E. Lobodzinska^S P. Loch^ 

W.S. Lockmani37^ S. Lockwitzi^^^ T. Loddenkoetter^o, F.K. Loebingcr*^^ A. Loginovl^^ C.W. Lohi^s, T. Lohsci^, 
K. Lohwasscr''^ M. Lokajiceki^^, j. Loken R.E. Long'^i, L. Lopcsi^*^^^ ^ L^pg^ Mateos^'*.'''*, M. Losada^^^^ 
P. Loscutoffi4. M.J. Lostyi^^'^, X. Lou-^o, A. Lounis"'\ K.F. Lourciroi^s^ L. Lovas"*^^ j. Love^i, P.A. Love''\ 

A. J. Lowei43^ F. Lu-''2a, J. Lu^, L. Lu^^, H.J. Lubatti^^s, C. Lucii32a,i32b^ Lucotte^^^ A. Ludwig^^, D. Ludwig^^, 
I. Ludwig'**, J. Ludwig'*®, F. Luehring^^, G. Luijckx^'^''', D. Lumb'**, L. Luminari^^^^, E. Lund^^*", B. Lund-Jensen^^'', 

B. Lundbcrg^^, J. Lundberg^^, J. Lundquist^^, M. Lungwitz*^\ A. Lupii22a,i22b^ q l^^^z^^, D. Lynn^^, J. Lynn"^, 
J. Lysl^ E. Lytken^^, H. Ma^^, L.L. Ma^^^ M. Maafien^s, J.A. Macana Goia'^^^ G. Maccarrone^^ A. Macchiolo^^^ 

B. Macek'^^, J. Machado Miguens^^*''''^, D. Macina*^, R. Mackeprang^^, D. MacQueen^, R.J. Madaras", 

W.F. Madcr-*3, R. Macnncr^S'^, T. Maeno^", P. Mattig^^^, S. Mattig'*\ P.J. Magalhacs Martinsi24'^'% L. Magnoni^^, 

E. Magradzc^i, C.A. Magrath^o^^ y. Mahalaleli^s^ K. Mahboubi^s, A. Mahnioodi, G. Mahouti^ C. Maianii32a,i32b^ 

C. Maidantchik^s^, A. Maioi^*^.^^ s. Majewski^*, Y. Makida^^, M. Makouskii^s^ N. Makovcc"'\ P. Maf', 

Pa. Malecki^s, P. Malecki^s, V.P. Maleey^^\ F. Malek^s, U. Mallik^a, D. Malon^, S. MaLtezos^ V. Malyshevi°'', 

S. Malyukov*'^, M. Mambelli^°, R. Mameghani^^, J. Mamuzic^\ A. Manabe^^, A. Manara^\ L. Mandelli^^*, 

L Mandic^", R. Mandryschl•^ J. Maneira^^^^, P.S. Mangcard***, M. Mangin-Brinet''^, LD. Manjavidzc'5'\ A. Mann^^, 

W.A. Mann^'^^ P.M. Manning^^^, A. Manousakis-Katsikakis®, B. Mansoulie"*^, A. Manz^^, A. Mapelli^^, 

L. Mapelli29, L. March 8°, J.F. Marchand*, F. Marchese^^Sa.issb^ M Marchesotti^^, G. Marchiori^^ 

M. Marcisovskyi^^, A. Marin^i-*, CP. Marino'5\ F. Marroquim^^a^ R. Marshall**^, Z. MarshalP'*^'"', 

F. K. Martens^ss, S. Marti-Garciai^^^ A.J. Martin^^ A.J. Martinl■^^ B. Martin^*^, B. Martin*^ F.F. Martin^^o, 
J.P. Martin^^, Ph. Martin''''^ T.A. Martin^'^, B. Martin dit Latour''^, M. Martinez", V. Martinez Outschoorn^'^, 
A. Martini^^, A.C. Martyniuk82, F. Marzanoi32a^ ^ Marzin^^e^ L Masetti8\ T. Mashimo^5^ R. Mashinistov^^, 

J. Masik^^^ A.L. Maslennikovl°^ M. Mafi^^^ L Massa^^^'^^'', G. Massarol°^ N. Massol^, A. Mastroberardino^^'^'Seb^ 

T. Masubuchiiss^ M. Mathes^o, P. Matricon"^ H. Matsumotoi^^ H. Matsunagai''^'\ T. Matsushita^"^, 

C. Mattravers"8'"^ J.M. Maugain^^, S.J. Maxfield^^, E.N. May^ J.K. Mayer^^s, A. Mayne^^s, R. Mazini^^i, 

M. Mazur^o, M. Mazzanti^^^, E. Mazzonii22a,i22b^ j Donald^^^ S.P. Mc Kee^^, A. McCarni<55, R.L. McCarthyl4^ 

T.G. McCarthy28, N.A. McCubbini^s, K.W. McFarlane'5^ S. McGarvie^^ H. McGlone^^ G. Mchedhdze^^, 

R.A. McLaren^s, S.J. McMahon^^s, T.R. McMahon^^ T.J. McMahon^^ R.A. McPherson^'^^'', A. Meade^"^, 

J. Mechnichl"^ M. Mechtel^'^'^, M. Medinnis'*\ R. Meera-Lebbai"i, T. Meguro"'^, R. Mehdiyev^^, S. Mehlhase^S 

A. Mehta^3^ K. Meier^s^^, J. Meinhardt^s, B. Meirose^^ C. Melachrinos^o, B.R. Mellado Garcia^^^^ 

L. Mendoza Navas^^^^ Z. Mengi^i."/, A. Mengarelhi^'^'i^b, S. Menke^^, C. Menot^^, E. Meonii\ D. MerkF, 

P. Mermod"^^ L. A/[crolai"2a,i02b^ q_ Meroni**^^, F.S. Merritt^o, A.M. Messina^^, L Messmer^s, J. Metcalfeio^, 

A.S. Mete64, S. Meuser^o, C. Meyer^i, J-P. Meyer^e, j. Meyer^^^^ j_ Meyer^^, T.C. Meyer^^, W.T. Meyer^^, 

J. Miao32d, S. Michap9, L. Micu^^a, R.p. Middletoni^s, R Miele^^, S. Migas^^^ A. MigUaccioi°2a,i02b^ L Mijovic^S 

G. Mikenberg"!, M. Mikestikova^^s^ B. Mikulec^^, M. Mikuz^^^ D.W. MiUeri^s, R.J. Miller^s, W.J. MiUsi^s, 

C. Mills'", A. Miloyi^i, D.A. Milstead"^'^'"^'', D. Milsteini^i, S. Mima"", A.A. Minaenko^^s, M. Mifianoi^^^ 
LA. Minashvih^s, A.L Mincer^os, B. Mindur^^, M. Mineev^s, Y. Ming^-'^o, L.M. Mir", G. MirabeUii-'^^a^ 

L. Miralles Verge", S. Misawa^^, S. Miscetti'^'^, A. Misiejuk'^^, A. Mitra"^, J. Mitrevski"^, Q.Y. Mitrofanov^^s^ 

V.A. Mitsou^^^, S. Mitsui^*', P.S. Miyagawa^^ K. Miyazaki^^, J.U. Mjornmark^^, D. Mladenov2^ T. Moa"^^'"^^, 

M. Mochi32a,i32b^ p Mocketti^s, S. Moed", V. Moellcr^^, K. Monig^i, N. Moscr^", B. Mohn^^, W. Mohr*^ 

S. Mohrdieck-Mock^s, A.M. Moisseeyi^s.*, R. Moles- Valls^s^ J. Molina-Perez^^, L. Moneta'*^, J. Monk^^, 

E. Monnier*^3^ S. Montesano^^'^-^^'^, F. Monticelh^o, R.W. Moore^, G.F. MoorheadS^ C. Mora Herrera*^ 

A. Moracs''^-\ A. Moraisi24a,c^ j Morcl'^'', G. Morcllo-''^^-''f'''. D. Morcno^^ M. Moreno Llacer^s?^ p Morcttini^o^, 

D. Morgan^'''', M. Morii'", J. Morin"\ Y. Moritaf"', A.K. Morlcy^^, G. Mornacchi^^, M-C. Moronc^^, 
S.V. Morozov^e^ j p, Morris^^ H.G. Moscr^^ M. Mosidzo'", J. Moss^o^ A. Moszczynski^^ , R. Mounti'^^^ 

E. Mountricha^, S.V. Mouraviev^"^, T.H. Moye^^, E.J.W. Moyse^"', M. Mudrinici^b, F. Mueller^s^^, J. Mueller^^a, 
K. Mueller^o, T.A. Miiller^^, D. Muenstermann^^^ A. Muijsl°^ A. Muir^^s, A. Munar^^o, Y. Munwesl5^ 

K. Murakami^e, R. MuriUo Garciai^^ W.J. Murrayi^", L Musschc^o^ E. Mustoi02a,i02b^ ^ q Myagkov^^s^ 

M. Myskai25, J. Nadal", K. Nagai"'", K. Nagano^'^ Y. Nagasaka^^", A.M. Nairz^^', D. Naito"", K. Nakamural^^ 

L Nakano"°, G. Nanava^o, A. Napicri^i, M. Nash^^'-'f, L Nastcva^^^ N.R. National, T. Nattcrmann^" , 

T. Naumann^i, F. NauyockS^, G. Navarro^^^^ S.K. Nderitu^^^ H.A. Neal^^, E. Nebot^o, P. Nechaeva^"^, 

A. Negri"9'*'"9b^ q Negri^^, A. Nelson^^, S. Nelson"^, T.K. Nelson"3, s. Nemeceki^s, R Nemethy^^^ 

A. A. Nepomuceno^^'', M. Nessi^^, S.Y. Nesterov^2\ M.S. Neubaucri*^^, L. Neukermans'', A. Ncusicdl'^\ 

R.M. Nevesi°^, P. Nevski^^, F.M. Newcomeri^o^ c. Nicholson^s, R.B. Nickerson"^, R. Nicolaidoui^e, L. Nicolasi^s, 
G. Nicoletti*'^, B. Nicquevert^^, F. Niedercorn"^, J. Nielsen^^'^, T. Niinikoski^s, A. Nikiforov^^, V. Nikolaenko^^^, 
K. Nikolacv^s, L Nikolic- Audit K. Nikolopoulos^^, H. Nilsen^^, P. Nilsson^ Y. Ninomiya A. Nisati^32a^ 
T. Nishiyama'5^ R. Nisius^^ L. Nodulman^ M. Nomachi"^ L Nomidisi^"*, H. Nomotol5^ M. Nordberg^^, 

B. Nordkyist^^'^'^'i^'^^, O. Norniella Francisco", P.R. Norton^^s, D. Notz^^, J. Novakova^^*^, M. Nozaki^^, 
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M. Nozicka''^ I.M. Nugent^^^"", A.-E. Nuncio-Quiroz^o, G. Nunes Hanninger^", T. Nunnemann^^, E. Nurse'^'^, 

T. Nyman29, S.W. 0'Neale^^>*, D.C. 0'Neil"2, V. O'Shea^^^ E.G. Oakham^s.'', H. Oberlack^^, J. Ocariz'^s, 

A. Ochi67, S. Oda^^s^ S. Odaka*5^ J. Odier^^, G.A. Odino^o^'^^^, H. Ogren^i, A. Oh^^, S.H. Oh^^, C.C. Ohmi^^a.ueb^ 

T. Ohshimai°\ H. Ohshitai"", T.K. Ohska^e, T. Ohsugi^*^, S. Okada^^ H. Okawa^^^ Y. Okumurai"i. 

T. Okuyamal5^ M. 01ccsc''^"'\ A.G. Olchevski^s, M. 0\\^e\x&^^^'^'\ D. Oliveira Damazio^^, C. Oliver^", J. Oliver", 

E. Oliver Garcia^", D. Olivitoi^o, A. Olszewski^^, J. Olszowska^^ C. OmachiS''.'''', A. Onofrei^^'^'"*, 

P.U.E. Onyisi^o, C.J. Orami^Sa^ q. Ordonez^o^^ M.J. Oreglia^o, E. Orellana^^, Y. Oren^ss^ D. Orestano"4a,i34b^ 

I. Orlovio^ C. Oropeza Barrera^^^ R.S. Orr^^s, E.O. Ortega"0, B. Osculati^o^'^o'^, R. Ospanovi^", C. Osuna", 

G. Otero y Garzon^^, J.P Ottersbachlo^ B. Ottewell"^ M. Ouchrif"5c^ p_ Ould-Saada"^ A. Ouraou^e^ 

Q. Ouyang32a, M. Owen^^, S. Owen^^g^ ^ Oyarzun^^'^, O.K. Oye^^, V.E. Ozcan^^ K. Ozone^e, N. Ozturk^ 

A. Pacheco Pages^S C. Padilla Aranda", E. Paganis^^^, F. Paige^^, K. Pajchel"^, S. Palestini^s, J. Palla^^, 

D. Pallin^^ A. Palmai24a,c^ j.d. Palmcri^, M.J. Palmer^'^, Y.B. Pan^^^^ E. Panagiotopoulou^, B. Panes^i'^, 

N. Panikashvili^^, V.N. Panin^^^ S. Panitkin^^, D. Pantea^S'^, M. Panuskova^^s, V. Paolone^^a^ Paolonii33a,i33b^ 

Th.D. Papadopoulou^, A. Paramonov^ S.J. Park^^, W. Park^^.^i, M.A. Parker^^, S.I. Parker", E. Parodi^o^'^"'', 

J.A. Parsons34, U. Parzefall^s, E. Pasqualuccii^sa^ A. Passerii^^a^ p. Pastorei34a,i34b^ Pr. Pastore^^, G. Pasztor 

S. Pataraial^^ N. Patel^^o^ j Pater^^ S. Patricellii02a,i02b^ T pauiy29^ l g Peak^^o, M. Pecsy^'^'*^, 

M.I. Pedraza Morales^^^^ S.J.M. Pcctcrsi"\ S.V. Pclcgancliuki"^ H. Peng^^^ R. Pcngo^^, A. Ponson'''*, J. Penwell*^\ 

M. Perantoni^^'', K. Perez^'*.^'', E. Perez Codina", M.T. Perez Garci'a-Estan^'^'^, V. Perez Reale^"*, I. Peric^^, 

L. Perini^^^'S^*', H. Pernegger^^, R. Perrino'^^'', P. Perrodo*, S. Persembe^^, P. Perus^^^, V.D. Peshekhonov^^ , 

E. Pctcrcit^ O. Pctcrsl"^ B.A. Petersen^^, J. Petersen^^, T.C. Petcrscn^s, E. Pctit*^^ a. Pctridisi^'', C. Petridou^^^, 

E. Pctroloi-'^2a^ p_ Pctruccii34a,i34b^ Q Petschull^i, M. Pettenii42^ R. Pozoa^i*^, B. Pfeifcr^^, A. Phan^^, 

A.W. Phillips27, P.W. Phillips^^g^ q Piacquadio^^ , E. Piccaro^^ M. Piccininii^^'i^'^, A. Pickford^^^ R. Piegaia^^, 
J.E. Pilcher3°, A.D. PilkingtonS^, J. Pinai24a,s^ m. Pinamontii'^'i^'i'^^^ J.L. Pinfold^, J. Ping32c, B. Pintoi24a,c^ 
O. Pirotte^s, C. Pizio^^^^'^^'', R. Placakyte^i , M. Plamondoni^s, W.G. Plano^^^ M.-A. Pleier^^, A.V. Pleskach^^s, 

A. Poblaguev^'^^ S. Poddar^^^, F. Podiyski'^-\ P. Poffcnbcrgcris^, L. Poggioli"^ T. Pogliosyan^", M. Pohl^^, 

F. Polci^^, G. Polesello"^'', A. Policicchiol3^ A. Polinii^^, J. Poll^^ V. Polychronakos24, D.M. Pomarede^^*', 
D. Pomeroy^^, K. Pommes^^, P. Ponsot^^^, L. Pontecorvo^^^a g q PopeS^ G.A. Popeneciu^^^'^, R. Popescu^*, 
D.S. Popovic^2a^ A. Popplcton29, J. Populei25, X. Portell Bucso48, R. Portcri^^^ C. Posch^i, G.E. Pospelov^'', 
S. Pospisil^^T^ ^ Potckhin24, I.N. Potrap^^, C.J. Potteri'^^, C.T. Potter«^ K.P. Potter^^ G. Poulard^^, 

J. Poveda"2^ R. Prabhu^^ P. Pralavorio^^^ S. Prasad^^, M. Prata"^^'"^'', R. Pravahan^ K. Pretzl^^, L. PribyF, 
D. Price^i, L.E. Price^ M.J. Price^^, P.M. Prichard'^^^ p) Prieur^^s, M. Primavera'^^a^ Prokofiev^^, 

F. Prokoshin^ib, S. Protopopescu^^, J. Proudfoot^, X. Prudent*^^ jj Przysiezniak*, S. Psoroulas^", E. Ptacek^", 
C. Puigdengoles", J. Purdham^^, M. Purohit24.°', P. Puzo"^ Y. Pylypchenkoii^, M. Qi32<=, J. Qian^^, W. Qiani^s, 
Z. Qian83, Z. Qin^i, D. Qingisi."™, A. Quadt54, D.R. Quarrie", W.B. Quayle"^^ F. Quinonez^i^, M. Raas^o^, 

V. Radeka24, V. Radescu^^^, B. Radics^o, T. Rador^Sa, p. Ragusa^^a.sgb^ q Rahali^o, A.M. Rahimiio^, D. Rahm24, 

C. Raine^^,*^ p Raith^o, S. Rajagopalan24, S. Rajek42, M. Ramraensee^s , M. Ramnicsi'*!, M. Ramstedti^Sa.web^ 
P.N. Ratoff^i, F. Rauscher9^ E. Rautcr^^ M. Rayniond^^, A.L. Read"^ D.M. Rcbuzzi"^^'"^'", A. Redelbach4^'\ 

G. Redlingor24, R. Rcccci20^ K. Reeves''°, A. Reicholdl°^ E. Reinherz-Aronisi^^ A Reinsch""*, I. Reisinger42^ 

D. Reljic^^a^ c Rembser29, Z.L. Ren^^i^ p penkeP, B. Rensch^s, S. Rescia24, M. Rescigno^32a^ g Resconi^s^, 

B. Resende^^^, P. Reznicek^^^, R. Rezvani^^^, A. Richards'^'^, R.A. Richards^^, R. Richter^^, E. Richter-Was^*-"", 
M. Ridef^ S. Rieke^i, M. Rijpstral"^ M. Rijsscnbcck"^ A. Riinoldi"^'*^"^^, L. Rinaldii^"*, R.R. Rios^^, I. Riu^S 
G. Rivoltella89^'89b^ p. Rizatdinova"^, E. Rizvi^^ D.A. Roa Romeroi62^ g.H. Robertson^^'', 

A. Robichaud-Veronneau^^, D. Robinson2'^, JEM Robinson'^'^, M. Robinson^", A. Robson^^, J.G. Rocha de Lima^°^, 

C. Rodai22a,i22b^ p -^oda Dos Santos20, S. Rodior^". D. Rodriguczi*^'2, Y. Rodriguez Garciai'\ S. Roc29, 

0. R0lme4i^, V. Rojo\ S. Rolli"'^^ A. Rornaniouk'^f', V.M. Romanov*^''^ G. Roineo26, D. Romero Maltrana-'^i'^, 
L. Roos^*, E. Rosi67, S. Rosati^-'^s^ q a. Rosenbaumi^^, E.I. Rosenberg64, P.L. Rosendahll^ L. Rosselet49, 
V. Rossetti", L.P. Rossi^O'^, L. Rossi^^'^'Sgb^ Rotaru^^^^, J. Rothbergi^s, p Rottlander20, D. Rousseau"^, 

C.R. Royonl=^^ A. Rozanov^^^ Y. Rozen^s^ X. Ruan"^, B. Ruckert^^, N. Ruckstuhl^os, V.I. Rud^^, G. Rudolph62, 

F. Riilir^, F. Ruggicri-^'^^'*, A. Ruiz-Martinez^^, E. Rulikowska-Zarebska'^'', V. Rumiantsev^^'*, L. Rumyantsev^^, 
K. Runge48, O. Runolfsson20 , Z. Rurikova4S, N.A. Rusakovich^s , D.R. Rust*^\ J.P. Rutherfoord^ C. RuwiedeP, 
P. Ruzickai2'\ Y.F. Ryabov^^i, V. Ryadovikov^^^, p. Ryan*^^, G. RybkiIl"^ S. Rzaeva^", A.F. Saavedra^^^, 

1. Sadehiss, H.F-W. Sadrozinskii37, r. Sadykov^^^ F. Safai Tehranii32a,i32b^ H Sakamotoi^s, R Sala^s^, 

G. Salamannal°^ A. Salamoni^Sa^ m. Saleem"i, D. Salihagic^^^ A. Salnikov"^, J. Salt^", 

B. M. Salvaehua FcrraIldo^ D. Salvatore'^^^-'^'^b^ p Salvatore"^ A. Salvucci^^, A. Salzburgcr29 , D. Sampsonidis^^*, 

B. H. Samseti", H. Sandaker^^, H.G. Sander^i, M.P. Sanders^^, M. Sandhoff"'^, P. Sandhui^s, T. Sandoval^^, 
R. Sandstroemios, S. Sandvoss^^^, D.P.C. Sankey^^g^ g Sanny^^^, A. Sansoni^^ C. Santamarina Rios^^^ 

C. Santoni^^^ ^ Santonicoi33aa33b^ jj Santosi24a^ j.G. Saraivai24a,s^ p. Sarangii^2^ g Sarkisyan-Grinbaum^, 
F. Sarrii22a,i22b^ q_ Sartisohn"^^ q_ gasaki^e, T. Sasaki^e, N. Sasao^^, I. Satsounkevitch^o, G. Sauvage*, 

P. Savard^ss.'^, A.Y. Savine^, V. Savinovi^s, R Sawa ^, L. Sawyer^^."", D.H. Saxon^^^ L.P. Says^^^ C. Sbarra^^^^'i^^, 
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A. Sbrizzii^'^^i'^'', O. Scallon93, D.A. Scannicchio^^ , J. Schaarschmidt^s , P. Schacht'^^ U. Schafcr^i, S. Schaetzel^^^, 

A.C. Schaffcr"^ D. Schaile'^^^ M. Schaller^^, R.D. Schamberger^s, A.G. Schamovi°^ V. Scharfss*^, 

V.A. Schcgolskyi2i, D. Scheirich^^, M. Schernau^^^a^ ^ j Scherzer^^, C. Schiavi^^^'^o^, J. Schieck^^, 

M. Schioppa^*^'^"^^^, S. Schlcnkcr^f, J.L. Schlcrcth-\ E. Schmidt^s, M.P. Schmidti^S-*, K. Schmieden^o, C. Schmitt^S 

M. Schmitz^o, R.C. Scholtel°^ A. Schoning^sb^ m. Schott^^, D. Schouteni^a^ J. Schovancovai^s, M. SchramS^, 

A. Schreiner^s, C. Schroeder^i, N. Schroer^s^, M. Schroersi^*^ D. SchrofF's, S. Schuh^^, G. Schulcr^^, J. Schultes^^*, 

H.-C. Schultz-CoulonSS'^, J.W. Schumachcr^^ M. Schumachcr^s , B.A. Schummi^^^ Ph. Schunci'^f', 

C. Schwanenberger®^, A. Schwartzman^^"^ , D. Schweigcr^^ , Ph. Schwemling''^, R. Schwienhorst*'^ , R. Schwierz^'^, 

J. Schwindling"6, W.G. Scotti^s, J. Searcy^", E. Sedykh^^i, E. Segura", S.C. Scidelio^, A. Seideni37, p. Seifert^^ 

J.M. Seixas23a, G. Sekhniaidzei^^a^ D.M. Seliverstov^^i^ g Sellden^^ea^ q Sellers^^^ M. Seman^^b^ 

N. Semprini-Cesarii9^'i9b, C. Serfon^s, L. Serinii^, R. Seuster^^, H. Severiniiii, M.E. Sevior8^ A. Sfyrla^^, 

E. Shabalina^^ M. Shamim"4^ L.Y. Shan32a, J.T. Shank^i, Q.T. Shao^e, M. Shapiro", P.B. Shatalov9^ L. Shaver^, 

C. Shaw5'\ K. Shawi39, D. Shcrman^^, P. Shcrwood^^ A. Shibatai"«, P. Shield"^ S. Shimizu^s, M. Shimojimai™, 
T. Shin^e, A. Shmeleva^*, M.J. Shochet^", M.A. Shupe^, P. Sichoi2\ A. Sidoti^^^ A. Siebell^^ F Siegert^^ 

J. Siegrist", Dj. Sijackii^*, o. Silberti'"!, J. Silva^24a,ap^ y. Silveri^a, d. Silverstein"^, S.B. Silverstein^^a^ 

V. Siniaki27, Lj. Simic^^a^ g_ Simioniis, B. Simmons^^ M. Simonyan^s, P. Sinervol5^ N.B. Sinev^", V. Sipicai-*!, 

G. Siragusa^i, A.N. Sisakyan^s, S.Yu. Sivoklokov^^, J. Si5Uni'*6a,i46b^ rp_g_ Sjurscni^, L.A. Skinnarii", 

K. Skovpeni°^ P. Skubic"\ N. Skvorodnev^^, M. Slater^^ T. Slavicek^^?^ ^ Sliwai'^i, T.J. Sloan^S J. Sloper^^, 

V. Smakhtin^^i, S.Yu. Smirnov^^, Y. Smirnov^^, L.N. Smirnova^^, O. Smimova^^ B.C. Smith^^, D. Smith^^^ 

K.M. Smith53^ M. Smizanska^i, K. Smolcki27^ A.A. Sncsarcv^^, S.W. Snow^^, J. Snow"i, J. Snuverinkio^, 

S. Snydcr24, M. Soaresi24a^ r. Sobiei69.', J. Sodomkai^^, A. Sofferi^s^ C.A. Solansl'^^ M. Solar^^^^ J. Solc^^^, 

E. Solfaroli Camillocci"2a,i32b^ Solodkoyi^s, Q.V. Solovyanoyi^s, R. Soluk^, J. Sondericker^^, N. Soni^, 

V. Sopkoi27, B. Sopkoi27, M. Sorbi89a.S9b_ Soscbcc^ A. Soukharevi°^ S. Spagnolo^2a,72b^ p_ Spano^^, 

P. Speckmayer29, E. Spenccri^^^ R. Spigllil»^ G. Spigo^^, F. Spilai=^2a,i32b^ g Spiritii34a^ r_ Spiwoks^^, 

L. Spoghi'''4^'i34b^ Spoiistai26, T. Sproitzcris^ B. Spurlock^ R.D. St. 001118'"^^ T. Stahl"i, J. Stahlmani^o, 

R. Stamen^s^, S.N. Stancu^es, E. Stanecka^^, R.W. Stanek^ C. Stanescui34a, S. Stapnes"^ E.A. Starchenkoi^s, 

J. Stark^s, P. Starobai25^ p starovoitov^i, J. Stastny^^s, A. Staude^^, P. Stavina^^^^, G. Stavropoulos", G. Steele^^^ 

E. Stefanidis''^ P. Stcinbach^s, P. Stcinbcrg'^l I. Stekl^^^^ B. Stelzeri^s^ H.J. Stelzer^i, O. Stclzcr-Chiltoni^Sa, 

H. Stenzel^^^ K. Stcvcnson^'\ G.A. Stewart'^-', W. StiUcr^^, T. Stockmanns^o, M.C. Stockton^^, M. Stodulski^^, 
K. Stoerig^s, G. Stoicea^Sa^ g_ stonjek^^, P. Strachotai^B, A.R. Stradling^, A. Straessner^^, J. Strandberg^^ 
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